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Abstract. The numerous extragalactic and cosmological motivations of the
DENIS and 2MASS near infrared surveys are outlined. The performance of
the DENIS survey is estimated from 50deg2 of high galactic latitude data
(20◦ < |b| < 60◦). Simple star/galaxy separation methods are presented
and comparison with 300 visually classified objects as well as COSMOS
and APM classifications. We find that the peak intensity over isophotal
area is an excellent star/galaxy separation algorithm, fairly robust to vari-
ations of the PSF within the frames, achieving 98.5% completeness and
92.5% reliability for I < 16.5, in comparison with visual classification. A
new estimate of the photometric accuracy for galaxies is presented. The lim-
iting factors for homogeneous galaxy extraction at high galactic latitudes
are completeness and photometric accuracy in K, photometric accuracy
in J and star/galaxy separation in I (also used for classification in J and
K). Galaxy counts are presented on 50 deg2. The I counts are in excellent
agreement with a Euclidean extrapolation of the published counts around
I = 16−17 (more so than in all previous studies), and thus point to a high
normalization at the bright end, in contrast with the counts published from
the APM and COSMOS plate scans. The J-band differential galaxy counts
follow the relation N(J) = 12± 1 dex(0.6 [J − 14]) deg−2mag−1. Extrapola-
tion of these high latitude counts suggest that DENIS will produce highly
homogeneous catalogs of ≃ 6000 (K < 11), ≃ 700 000 (J < 14.8) and,
≃ 1 000 000 (I < 16.5) galaxies, respectively with photometric accuracy of
0.08m in I and 0.20m in J and K. Larger highly homogeneous samples are
expected with improvements to the camera and the algorithms.
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1. Introduction
The DENIS consortium has been imaging the southern sky in the I (0.8µm),
J (1.25µm) and Ks (2.15µm) wavebands since December 1995. When the
survey is complete, around 2000–2001, we expect to have extracted tens of
thousands of galaxies in K, roughly one million in J , and a few million in
I (see § 7 below for our estimated sizes of homogeneous, highly complete,
reliable and photometrically accurate galaxy catalogs).
Much of the information in this review has been given elsewhere (Ma-
mon et al. 1997b). The notable improvements here are improved reliabil-
ity estimates from a much larger visually classified sample, a first-order
optimization of star/galaxy separation yielding a one-half magnitude im-
provement in the high completeness/reliability magnitude limit and a more
accurate estimate of the photometric accuracy.
2. Prospective scientific impact
Wide-angle near infrared (hereafter NIR) galaxy surveys, such as DENIS
and 2MASS (see Schneider, Jarrett, Rosenberg and Cutri, all in these pro-
ceedings) will have a wide array of scientific prospects, of which a few are
listed below. The two important advantages of NIR selection are 1) the
near transparency of interstellar dust in our foreground Galaxy and within
external galaxies, and 2) the low sensitivity of NIR light to recent star for-
mation in galaxies (see Mamon et al. 1997b), hence a better estimation of
the stellar mass content of galaxies in the NIR.
Statistics of NIR properties of galaxies: DENIS and 2MASS will provide
the first very large galaxy databases with NIR photometry. Photometry
of the brighter galaxies will be coupled with redshift measurements, either
already made, or performed during spectroscopic followups (see, e.g., Ma-
mon 1996; Paturel, in these proceedings) to be used for distance estimates
and computation of precise parameters of the fundamental plane and Tully-
Fisher relations (see Vauglin et al. 1997; Rosenberg, in these proceedings).
Cross-identification with other wavelengths: The extragalactic objects ex-
tracted by DENIS and 2MASS will be cross-identified with analogous sam-
ples at other wavelengths, such as optical galaxy samples, for example in the
Zone of Avoidance (see Kraan-Korteweg et al., in these proceedings), IRAS
galaxies (Saunders et al. 1997), quasars (see Cutri, in these proceedings),
radio-galaxies, galaxies found in blind HI surveys (see Kraan-Korteweg et
al., in these proceedings), etc. The NIR properties (mainly their location in
color-color diagrams) of such objects will be targeted for discovering new
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large samples of such objects. One should expect followups at non-NIR
wavelengths of DENIS and 2MASS galaxies.
Galaxy counts: There has been a debate on the level of galaxy counts at
the bright end, as first estimates (Heydon-Dumbleton et al. 1989; Maddox
et al. 1990) found a depletion relative to the extrapolation of the faint-end
counts, while later work (e.g. Bertin & Dennefeld 1997) disputed this. This
debate has consequences on galaxy evolution and on whether the environ-
ment of the Local Group is underdense on very large scales (z <∼ 0.1).
Zone of avoidance There are two main applications for studying galaxies
behind the Galactic Plane (see Kraan-Korteweg et al., in these proceed-
ings): 1) Mapping the large-scale distribution of galaxies in this still poorly
known region. Indeed, the Zone of Avoidance contains interesting structures
such as the largest large-scale concentration of matter in the local Universe,
the Great Attractor (at the intersection of the Supergalactic Plane and the
Galactic Plane, Kolatt, Dekel & Lahav 1995) and within the Great Attrac-
tor, the Norma cluster, Abell 3627, richer and closer than the Coma cluster
(Kraan-Korteweg et al. 1995). 2) The fluxes and angular sizes of galaxies
are affected by extinction from dust in the Galactic Plane, and one can
measure this extinction from galaxy counts (Burstein & Heiles 1982), col-
ors (Mamon et al. 1997a), and color-color diagrams (Schro¨der et al. 1997,
and Kraan-Korteweg et al., in these proceedings).
Small-scale structures of galaxies Only a few catalogs of clusters (Lums-
den et al. 1992; Dalton et al. 1997; Escalera & MacGillivray 1995, 1996)
and compact groups (Prandoni, Iovino & MacGillivray 1994) are based
upon automatically selected galaxy samples, which happen to be optical
and photographic (hence subject to photometric non-linearities). Because
star formation is probably enhanced by galaxy interactions, one expects
that the statistical properties of pairs, groups and clusters of galaxies built
from NIR selected galaxy catalogs will be different from those built from
optical catalogs. DENIS and 2MASS will thus have the double advantage of
using a NIR galaxy sampled based upon linear (non-photographic) photom-
etry. The applications of such NIR-based samples of structures of galaxies
are numerous (e.g. Mamon 1994) and include understanding the dynam-
ics of these structures, their bias to projection effects, their constraints on
Ω0 and the primordial density fluctuation spectrum, their use as distance
indicators, and the environmental influences on galaxies.
Large-scale structure of the Universe: The NIR selection and the lin-
ear photometry will also benefit the measurement of statistics (two-point
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and higher-order angular correlation functions, counts in cells, topologi-
cal genus, etc.) of the large-scale distribution of galaxies in the Universe.
For example, the (3D) primordial density fluctuation spectrum of galaxy
clustering can be obtained from the two-point angular correlation function
(Baugh & Efstathiou 1993) or from the 2D power spectrum (Baugh & Ef-
stathiou 1994). Moreover, by the end of DENIS and 2MASS, large-scale
cosmological simulations with gas dynamics incorporated (thanks to which
galaxies are properly identified) will provide adequate galaxy statistics in
projection that will be compared with those obtained from the surveys,
iterating over the cosmological input parameters of the simulations.
3. Galaxy extraction and current galaxy pipeline
The current galaxy pipeline consists of the following steps:
1) Bias subtraction, flat-fielding, bad pixel mapping and astrometric
calibration (standard DENIS Paris Data Analysis Center pipeline, Borsen-
berger 1997); 2) Cosmic ray removal; 3) Extraction of photometric zero-
points and airmasses from relevant files; 4) Galaxy extraction using the
SExtractor (Bertin & Arnouts 1996) object extraction software, version
1.2b6a (which includes a neural-network star/galaxy separator, Bertin 1996,
whose input parameters are 8 isophotal areas, the maximum intensity and
as a control parameter, the FWHM of the PSF), with detection and Kron
(1980) photometry parameters optimized from simulated images.
4. Star/galaxy separation
Nevertheless, star/galaxy separation is intrinsically difficult because, at the
galaxy extraction limits I ≃ 16.5 (see below), DENIS will extract roughly
5.5 times as many stars as galaxies in I, at very high galactic latitude
(|b| ≃ 70◦, see Lidman & Peterson 1996), and the ratio worsens considerably
at lower galactic latitudes and at brighter magnitudes.
We discuss below the steps towards an efficient star/galaxy separation
method. For this, we extracted in the I band (which has the best angular
resolution) classical star/galaxy separation diagnostics such as isophotal
area, peak intensity, and FWHM, as well as the neural-network based stel-
larity parameter, in a direct fashion, or using a suitably modified version
of SExtractor that includes a two-dimensional modeling of the PSF that is
used as input to the neural network.
Figure 1 shows how these quantities vary with magnitude for all objects
at least 20 pixels from the frame edges on a high latitude strip.
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Figure 1. Diagnostics of star/galaxy separation over one DENIS (6 deg2) strip. The
dashed lines are the critical lines for selection of candidates for visual classification (see
§ 4.1).
4.1. TESTS OF AUTOMATIC STAR/GALAXY SEPARATION
One of us (G.A.M.) has classified by eye a set of 329 galaxy candidates on
109 DENIS I band images (of which 33 appeared on consecutive images,
leaving 296 unique candidates). These candidates were chosen with I ≤
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16.5, centers at least 20 pixels from the image borders. Furthermore, they
met at least one of the following loose (to ensure completeness) galaxy
criteria (dashed lines in Fig. 1):
− Isophotal area: A ≥ 40 dex[−0.38(I − 16)] pixels
− Pseudo surface brightness: Σ = Ipeak/A ≤ 3 ADU/pixels
− Neural-network stellarity before PSF modeling: s0 ≤ 0.1
− Neural-network stellarity after PSF modeling: s ≤ 0.1
We’ve used 5 sets of truth tables:
− Visual DENIS I (see above)
− COSMOS bJ
− APM bJ
− APM rF
− A mix of the previous 4
The COSMOS and APM lists were obtained through the World Wide Web
(telnet://catalogues apm3.ast.cam.ac.uk for the APM and
telnet://cosmos cosmos.aao.gov.au for COSMOS).
We’ve optimized each of the 6 algorithms plotted in Figure 1 for a linear
star/galaxy separator in these plots (slope and normalization, except that
we forced a zero slope for the two neural network algorithms). The results
are showed in Figure 2, which plots the completeness-reliability plots for
4 of the 5 truth tables. The different points in Figure 2 for a given algo-
rithm correspond to different cuts through the algorithm versus magnitude
diagram and we only plotted the optimal slope, varying the normalization.
Figure 2 shows that the pseudo-surface brightness criterion is slightly
superior to the peak intensity, which, in turn, is slightly superior to the
isophotal area (except for the COSMOS-based truth table, for which isopho-
tal area does best). The other three algorithms (FWHM, and neural net-
work stellarity before and after PSF modeling), are far inferior to the first
three algorithms. For the visually classified DENIS I sample, we achieve
92.5% reliability at 98% completeness, and for the global sample we obtain
96% reliability at 96% completeness. The poor results of the neural net-
works is probably due to the variations of the PSF across the frames, and
for this particular DENIS strip (number 5570), PSF modeling worsened the
results!
4.2. COSMOS AND APM VERSUS VISUAL STAR/GALAXY SEPARATION
Table 1 shows the comparison between the visual classification and the
classification obtained from the COSMOS and APM lists.
Of the 11 objects termed as junk, 3 were fragments of a bright galaxy,
two were deemed optical flaws, but according to both APM and COSMOS,
one of those was a star.
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Figure 2. Completeness versus reliability of different automatic star/galaxy separa-
tion algorithms using 4 different truth tables. The algorithms are isophotal area (area),
peak intensity (imax), pseudo-surface brightness (sbr), star/galaxy separation without
PSF modeling (s0), star/galaxy separation with PSF modeling (s), and full-width half
maximum (fwhm).
The numbers in Table 1 do not permit to establish which star/galaxy
separation is best between visual DENIS, APM or COSMOS. However,
if one assumes that visual DENIS star/galaxy separation is perfect, one
would then conclude that APM and COSMOS both have a completeness of
193/203 = 95% at I = 16.5 (this also assumes that the DENIS I extraction
is 100% complete, which remains to be proven). The reliability of the ex-
traction would then be 193/210 = 91% for COSMOS and 193/218 = 89%
for APM.
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TABLE 1. Visual DENIS I versus COSMOS and APM star/galaxy separation
Visual DENIS I COSMOS bJ APM bJ
Type Total Galaxy Star Notfound Galaxy Star Faint Notfound
Galaxy 203 193 10 0 193 5 3 2
Star 53 6 46 1 9 42 1 1
Star+Star 8 4 3 1 4 3 0 1
Faint 21 7 11 3 10 10 0 1
Junk 11 0 2 9 2 3 3 3
Total 296 210 72 14 218 63 7 8
If one assumes that APM or COSMOS are complete, than the incom-
pleteness of the DENIS galaxy extraction can be estimated from the objects
too faint for DENIS visual classification but called galaxies by the optical
surveys. One obtains completeness levels of 95% or 97% at I = 16.5 using
APM or COSMOS, respectively. Of course, if the visual classification were
imperfect and that objects classified as stars or double stars are in fact
galaxies, the completeness of DENIS visual classification would decrease
to levels of 90% or 92% using APM or COSMOS, respectively. Moreover,
DENIS may not have detected objects at I = 16.5 that are seen in the op-
tical surveys, and this issue will be addressed in a forthcoming publication.
4.3. QUICK AND DIRTY AUTOMATIC STAR/GALAXY SEPARATION
Since the pseudo-surface brightness criterion seems to produce the best
star/galaxy separation, we have adopted the following preliminary algo-
rithm for each DENIS strip:
We adopt a constant critical pseudo surface brightness (independent
of magnitude — the optimal slope with respect to the visual DENIS I,
COSMOS B, APM B, and global classifications was 0.05), by fitting with
a cubic polynomial the histogram of the values of Σ = Ipeak/A for I ≤ 16.5,
in a range chosen to exclude the peak due to the stars. Although kσ curves
down from the stellar locus have negative slope, the higher slope of the
galaxy counts relative to the star counts leads us to believe that a given
reliability will be achieved with a cut of k that decreases with magnitude,
i.e., with a lower slope for Σcrit. This may explain why the optimal slope
is non-negative.
For the J andK bands, we rely on the star/galaxy separation performed
in the I band. Because the I band has better angular resolution and is more
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sensitive than J or K (except at very low galactic latitudes, corresponding
to visual extinction AB > 3, see Kraan-Korteweg et al., in these proceed-
ings), using I-band star/galaxy separation is superior to doing star/galaxy
separation directly in J or in K.
Our star/galaxy separation, relying only on pseudo surface brightness
is simpler than in our previous work (Mamon et al. 1997b), where we re-
quired out galaxies to satisfy both neural network stellarity (after PSF
modeling) and isophotal area algorithms, and our former star/galaxy sepa-
ration method had the disadvantage of using a fixed critical isophotal area
line, whereas strip to strip variations of the PSF lead to variations of this
critical line from one strip to another.
We have thus analyzed a little over 50 deg2 of DENIS data, restricting
ourselves here to I < 17.
5. Photometry
We estimate below the accuracy of DENIS galaxy photometry using objects
within image overlaps and comparing with APM and COSMOS, and we
use color-magnitude diagnostics as an additional test on the reliability of
star/galaxy separation.
5.1. PHOTOMETRIC ACCURACY FROM OVERLAPS
Figure 3 shows the magnitude differences on unflagged overlap objects ex-
tracted from 50 deg2 of high galactic latitude data.
Contrary to the analogous figure in Mamon et al. (1997b), we have
high certainty on the extragalactic nature of the J-band and K-band over-
lap objects (since again, we rely on I-band star/galaxy separation). For
this reason, the photometric accuracy is worse than given in Mamon et al.
(1997b): The rms error on a single measure is 0.05 at I = 15, 0.10 at I = 17,
0.10 at J = 13.7, and 0.20 at J = 14.8. There are too few K overlaps to
conclude strongly, but indications (based upon only 4 points!) are that the
rms photometric accuracy for a single measure is roughly 0.20 at K ≃ 12.2.
The J-band photometric accuracy was considerably better in our previous
study (Mamon et al. 1997b), but unreliable direct (using neural network
stellarity in J lower than 0.2) star/galaxy separation had been used for the
photometric accuracy study of that work, and the inclusion of stars tends
to improve the photometric accuracy.
5.2. COMPARISON OF DENIS GALAXY PHOTOMETRY WITH COSMOS
For the 3.6 deg2 region in which we visually classified our extracted objects,
we plot in Figure 4 the color-magnitude relation obtained with COSMOS
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Figure 3. Photometric accuracy for galaxies lying within overlaps of 2 images, extracted
within 50 deg2 of high galactic latitude (20◦ < |b|60◦) DENIS data. Objects closer than
20 pixels to the frame edges are excluded). The tilted dashed line represents an I ≤ 17
selection, whose effects are also seen in the J band.
bJ photometry, taken from the World Wide Web. This figure shows the
difficulties in star/galaxy separation, as a number of points lie far off the
B − I ≃ 2 − 3 region. Part of this difficulty lies in poor star/galaxy sep-
aration from COSMOS. Moreover, there is a trend for bluer galaxy colors
at brighter magnitudes, which we interpret as poor photometry on the
COSMOS side, because of inaccurate compensation for plate saturation.
We also attempted the same with APM data from the World Wide Web,
but that photometry suffers from unusually strong systematic errors at the
bright end (up to 6 mag difference with COSMOS!), as the photometric
calibration has been optimized for stars that saturate at these magnitudes
(Maddox, private communication).
5.3. COLORS OF DENIS GALAXIES
Figure 5 shows the color-magnitude diagram for the galaxies. The bluest
two points turn out to be galaxies! Visual inspection shows that they are
low surface brightness galaxies that are barely visible in J (and invisible in
K). The use of adaptive aperture photometry to define colors makes such
objects appear very blue. We checked that their central colors are normal.
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Figure 4. Color-magnitude diagram for galaxies extracted within 3.6 deg2 of high galactic
latitude (20◦ < |b|60◦) DENIS data. Diamonds refer to objects classified as stars by
COSMOS, but as galaxies by APM, DENIS visual inspection and all DENIS automatic
star/galaxy separation algorithms. Open circles are objects classified as galaxies with low
certainty by the DENIS visual classification and that were not stars in COSMOS.
Figure 5 shows that at the limit J = 14.8 for ∆J = 0.20 mag photomet-
ric accuracy, the star/galaxy separation performed in I should be roughly
as reliable as at I = 16.5, and could be made even more reliable by culling
out the reddest objects for which I > 16.5.
In Figure 6, we plot the color-color diagram for extracted galaxies. The
galaxy colors cluster around I−J = 1.2± 0.3, J −K = 1.1± 0.5, but there
are indications for fairly bright objects with red J −K ≃ 2 colors, which
upon visual inspection are confirmed as galaxies. An important fraction of
the points off the central cluster lie near the frame edges where the PSF is
larger. The large open circle refers to an object too faint in I for reliable
star/galaxy separation, and indeed, visual inspection shows it to be a star
blended with a faint galaxy.
6. Galaxy counts
Figure 7 illustrates our IJK galaxy counts. The K-band counts become
incomplete at K ≃ 11, in comparison to both published counts by Gardner
et al. (1996) and to the expected Euclidean 0.6 slope (the completeness is
still roughly 50% at K = 12).
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Figure 5. Color-magnitude diagram for galaxies extracted within 50 deg2 of high galactic
latitude (20◦ < |b| < 60◦) DENIS data. Objects closer than 20 pixels to the frame edges
are excluded. The horizontal line represents I = 16.5 (the and the dashed line represents
J = 14.8 (the limit for 0.20 mag J-band photometry and reliable star/galaxy separation).
The I band counts match well the published data, although Lidman
and Peterson (1996) find fewer counts at the bright end, while Gardner et
al. find more counts at the bright end (the two sets of published data differ
by a factor of 3 at I < 15). Note that DENIS, Gardner et al. and Lidman &
Peterson all work with the Cousins I band, so no conversion was made from
another I filter. Also, our survey has smaller error bars at the bright end as
it covers 4 to 5 times the solid angle of the two cited surveys. Our bright-end
I-band counts are more consistent with the extrapolation of the faint counts
with a Euclidean slope than either two sets of published data (our high value
at I = 16.5 is caused by important stellar contamination in the fainter half
of the bin; also, at I > 18, the published counts become lower than the
Euclidean line because of significant k-correction at these magnitudes). In
this sense, although not as high as Gardner et al.’s counts, the DENIS I-
band counts argue for a high bright-end normalization, consistent with little
galaxy evolution at the bright end , in line with analogous findings by Bertin
and Dennefeld (1997) using blue counts.
The J counts are new (although they were already shown in Mamon
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Figure 6. Color-magnitude diagram for galaxies extracted within 50 deg2 of high galactic
latitude (20◦ < |b| < 60◦) DENIS data. Objects closer than 20 pixels to the frame edges
are excluded. Large and small circles are for objects brighter or fainter than K = 12 (the
limit for fairly accurate K photometry, see § 5.1), respectively. Filled and open circles
correspond to objects brighter and fainter than I = 16.5 (the rough limit for reliable
star/galaxy separation, see § 4.1), respectively.
et al. 1997b). They are highly complete to J = 15, follow very well the
Euclidean slope of 0.6, and are well described by the relation N(J) ≃
12× dex[0.6 (J − 14)] deg−2 mag−1.
7. Discussion
From the results of the preceding sections, we can establish limits for the
homogeneous extraction of galaxies from DENIS, as given in Table 2.
The limiting factors turn out to be star/galaxy separation in I, pho-
tometry and star/galaxy separation in J , and detection in K (assuming
that I-band star/galaxy separation is used to classify objects detected in
the other bands).
Using the counts from Figure 7 to extrapolate to the entire survey area
(roughly a hemisphere), we infer that our homogeneous catalogs will have
sizes of 6000 at K < 11 (0.2 mag photometry), 100 000 to 500 000 at J <
13.7 and 14.8 (with 0.2 and 0.1 mag photometry, respectively), and 900 000
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Figure 7. Differential galaxy counts over 50 deg2 of high galactic latitude (20◦ < |b|60◦),
I < 17 DENIS data. Objects closer than 20 pixels to the frame edges are excluded. Solid ,
dashed , and dotted histograms refer to the DENIS I , J , and K counts, respectively. The
squares represent K-band counts from Gardner et al. (1996), while the open and filled
circles represent the I-band counts from Lidman and Peterson (1996), and Gardner et al.
(1996), respectively. The thin oblique line represents an eye-fit Euclidean count function
(0.6 slope).
TABLE 2. Estimated DENIS limits from 50 deg2 of reduced data
Ic J K
completeness (≃ 80%) 17.25 15.25 11
star/galaxy separation (90% reliability, from I) 16.5 14.8 13.5
photometry (0.20 mag accuracy) >18? 14.8 12.2?
photometry (0.10 mag accuracy) 17.4 13.7 <11?
galaxies at I < 16.5 (0.1 mag photometry). The recent installation of an air
conditioning system on the K band optics has decreased the instrumental
background by 0.7 magnitude, which should bring the extraction limit to
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K ≃ 11.7, and thus increase the size of the homogeneous K sample to
roughly 15 000 galaxies.
Moreover, there is still room for progress on star/galaxy separation. C.
Alard has devised a new algorithm to accurately model the variations of
the PSF across the frame, which need no longer be an elliptical gaussian
(fitting the asymmetric coma of the images), and tests on visually classified
data are about to be performed.
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